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Unité de recherche INRIA Lorraine
Technopôle de Nancy-Brabois, Campus scientifique,
615 rue de Jardin Botanique, BP 101, 54600 VILLERS LÈS NANCY (France)
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Télécopie : 03 83 27 83 19 - International : +33 3 83 27 83 19
Antenne de Metz, technopôle de Metz 2000, 4 rue Marconi, 55070 METZ
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Télécopie : 03 87 76 39 77 - International : +33 3 87 76 39 77
  6/;04<w  ¨;#,4<5 " 0
8:,4< $&#('*),++#-Ý.0)21

	  	  birp0kB~!|!kBt|­suJirndlJJDda |:hVÆ!~:p¹¥bji9|:bamDn¸z;u{pr¥¼¢m!bji9| u{t|:u{~:~kB~!}jba`cba~p
pba`Pz!i/thjba¬j®V¯D°r±l²©³!´jµbapP¬a®V¯:°r±l²¶·¶¼m:«iu{m!i/}jbatrp0kB~!bji/]qHz;u{pr]!_jibji`Pphjbjiliu{~p/tbVª
iz;bj}apr£ba`cba~¢p»hj¼¢m:£JkB¥ba~pbjiÇ¡kÌz;u{pr¥¼¢m!bX¿s¦sÊÃÄu{t|:u{~:~kB~!}jba`cba~¢pz:thjba`Pz:pr¾ºz:trª
u{trphji¸Æ:n:bji·Å½bapºf#u{m:~!|Hª¨f5u{ :~ ÃFzu{pr¥¼¢m!bË|DpbX|:b&pba`Pz!izkBtrp0kBh¤ÅV  bji»kB~kBqHi0bji
| u{t|:u{~:~kB~lkB :pho|!kB~!iÝm:~&}ju{~¢pbVnHpb*`cu{~!uBª«z:tu¢}jbji0ibam:tu{~¢p¾ÏkBp u{ Dvrbap/|:bPprt_jiÝ~!u{`Èª
 :tbam!i0bji5haprm!|:bji¹bap#thj}jba`P`cba~¢pm:~!b/iu{m:pr¥u{~­zu{m:t#¥bji¹irqDirp_a`cbji#|!kB~!i5¥bji¼¢m!ba¥i#z:m!ir¥bam:ti
zu{pr¥¼¢m!bjiÝzbam:£ba~p/}juHbVnH¥ipbatlk½haphPz:tu{zuJihjbJ#~!b*kB~kBqDibc| u{t|:u{~:~kB~lkB :ph¾Ïu{m:t(ª
~:pm:~!b
kB¥|:b
kBz:z:thj}a¡kB :¥b½kBmÇ}ju{~!}jbaz:pbam:tP|:b* kBz:z:¥}lkBpr¥u{~Ç`*kB¥i¤ba~Yha~!hat0kB«,ba¥bozbat(ª
`cbap
m:~:¥¼¢m!ba`cba~p| kctr`cbat¼¢m m:~ u{t|:u{~:~kB~!}jba`cba~pbjip´jÐ{Ñ@¬aÐÒVÓ¥°u{m ~!u{~ê5i0kB~!ioz:tuBª
zuJibat¸|:bYiu{m:pr¥u{~!i¸¾ÏkB¥i0kB :¥bji¤  kBm:prtbËzkBtrplÝ}ju{`P`cbY}jba¡kÀkÇhaphËi0u{m:J~!hËzkBt­Ôbat(ª
 batbap¸Õ9u{~:!9m:~!bËkB~kBqHi0b&| u{t|:u{~:~kB~lkB :phË~ kB¥|:bËzk{i!Î u{z:pr`P¥i0kBpr¥u{~ |Dm irqDi(ª
p_a`cbË¼m:/bjip½z;u{m:trp0kB~¢p­iu{m:£ba~¢pm:~!bËhap0kBzb~!}ju{~¢pu{m:tr~kB :¥bJ"9u{m!iz:tu{zuJiu{~!i|!kB~!i
}jbt0kBz:zu{trpm:~!b»kBz:z:tu¢}0]!b» k{ihjb­irm:t*m:~ kBu{trpr]:`cb»ha~!hapr¥¼m!b­zu{m:tcÆ:n:bat
kBmÂ`P¥bamDn
zu{pr¥¼¢m!bjiÝ| u{t|:u{~:~kB~!}jba`cba~pÈbapz:tr¥u{trphjiÝ|!kB~!i¥bjiÝiqHirp_a`cbjisuJirndlJJDda Ì   kBm:prtb
zkBtrpl~!u{m!i`cu{~prtu{~!iÉ¼¢m!b^ m:pr¥i0kBpr¥u{~*}ju{~{vru{~pb#|:bwf5u{m:~!|Hª¨f#u{ :~*bap,|:b#¿s¦sYkBm:J`cba~pb
 u{t|:u{~:~kB~lkB :ph5|DmcirqDirp_a`cbwkB~!ir!¼m!b^¡k9i0kBpr¥ir¾Ïk{}apr¥u{~c|:bw}atrp_atbji¦k{|:|Dpr¥u{~:~!ba¥i©}]!u{¥ir¥i
ba~
¾Ïu{~!}apr¥u{~¸|:b kBz:z:¥}lkBpr¥u{~ê
# ñ l ï %$ 	  ó¢qHirp_a`cbjicpba`Pz!iPthjba«^y5t|:u{~:~kB~!}jba`cba~¢plÍ5u{trpr]:`cb½ha~!hapr¥¼m!bJwó¢qDi(ª
p_a`cbji#| bVnHz:¥u{p0kBpr¥u{~ê;suJindlJJDda 
 ¦ÑFØ;°:ÜHØ!ÑFØ*×F¯:°;®a¯D°r±{ÜHÓ ÑFØ½µ(´ÐB¬	l¬µ{Ø
wµB¬·ÑåçFçÒµ{Þ5ÛÓ ÑÏÐ{Ø×ÙB¬V×¨°VÞ¬ 
) H5 	R
 ñ  í  ñ  í jò î xÁ~  !#"¨:ó¢p0kB~:éul£H¥}5bapwkB«2irp0kBpbj|pr]kBpÖæ±{Ü!°×«µc°®µ{Øµ{ÞÈÑÏ®/Ð{Ø;±
Û:µ{¶V×«Ð¢ÒVÑ@ÓÚÑÄ×ÄÙÈ®µJØ:¬·ÑÏ±°V¶rÐJ×ÄÑÏµ{Ø:¬0â,×F¯D°9×¨°aØ±°VØ®jÙÈ×«µJã¦Ð{¶(±{¬9×F¯D°9Ü¢¬j°Ýµ(´9µ%$'&æ×F¯D°(&¨¬0¯D°VÓ ´9¯HÐ{¶r±{ã¦Ð{¶°ÝÐ{Ø;±
¬jµ(´a×Äã¦Ð{¶r°/®µ{Þ5ÛDµ{Ø°VØ×F¬Ý×«µÒVÜHÑFÓ±c¶r°rÐJÓ)&æ×ÄÑ@Þ*°¬·ÙB¬V×¨°VÞ¬¹Ñ¡¬9Ñ@Ø;®a¶r°ÐB¬·ÑFØÖÁ¦x¨~opr]!b5Æba¥|ouB¾f\#yóHi
ÃÄf5blkBª¨\^`cby5zbat0kBpr~:»ó¢qDirpba`ci·ÅVê~¢m:`cbatu{m!isuJirndlJJDda X}ju{`Pz:¡kB~¢p/ébatr~!ba¥ilR¾Ïu{t~Dª
ip0kB~!}jb  qH~Dn!yóYkB~!|+* "-,ÈkBtbo}ju{`P`cbat}a¡kBqYkj£JkB¡kB :¥bo§wpr]ËtblkBª«pr`cb¾ÄblkBprm:tbjiirm!}0]
k{i9£batrq¸¾Ïk{irp}ju{~¢pbVnHp(ª¨ir§wp}0]&¡kBpba~!}a¥bjilêi0ba`*kBz:]!u{tbjilz:tu{Jt0kB`P`*kB :¥bcpr`cbatiÝkB~!|­`/m:prª
¥ba£ba#z:tr¥u{trpr¥bji.d0/#"¨À\^]!uJiby5zbat0kBpr~:Îó¢qDirpba`ciÃ«yóHiVÅÈu#1bat}juJirpkB~!|ºzbat(¾Ïu{tr`*kB~!}jbVª
b(1bj}apr£biu{m:pr¥u{~!i©pu/kBz:z:¥}lkBpr¥u{~o|:bjirJ~!bati,¾Ïu{t :m:¥|D~:tblkBª«pr`cb#irqDirpba`cim!ir~:32Éu{`Èª
`cbat}a¡kB¦y41;ª¨\^]!bVªæó¢]!ba¾¹Ã52wy9\#ó:Å¹yóHil9\^]!bkB~!i§©bat¹pu*pr]!b76aë»kBébVª¨u{t(ª98©m:q:6 ;"2|:bj}a¥i¥u{~
¥i¦p¨qHz:¥}lkBq.6V :m:q:6w§w]!ba~
ir]!u{trp©|:ba£ba¥u{z:`cba~¢pwpr`cbJzu{trp0kB :p¨qkB~!|puHu{;kj£JkB¡kB :p¨qokBtb
`*kBprpbati¹uB¾,}ju{~!}jbatr~ºÃÄ\42És=<BxæsÀ~!bapÁ§©u{tréH~:!>k{ir]Æ!¥b/irqDirpba`;Õ5\w\wsÂibatr£batls=2Éë?2ÉxÁÍ
|Dtr£batiA@B@B@ÅVy5~pr]!bcu{pr]!bat/]kB~!|Rpr]!bÈm!ibPuB¾42wy9\#óf2\#yó»uB¾Äpba~¥blk{|:iÝpu½}jbatrprÆ}lkMª
pr¥u{~Xz:tu{ :¥ba`cickB~!|Xpr]!batm!i0b*~Y¾ÏkBm:p(ª«pu{¥bat0kB~¢pcirqDirpba`ci/¥iz:tu{ :¥ba`*kBpr¥}
 bj}lkBm!ibpr]!bat
 ba]kj£H¥u{m:t~pr]!b¹z:tbji0ba~!}jbÝuB¾¾«kBm:pi¥iwuB¾Äpba~§ÉblkBéC ! dJJ;"kB~!|½~!u{p§©ba|:bVÆ!~!bj|
suJirn½ÃÄsu{trp0kB :¥b5y5zbat0kBpr~:/ó¢qHipba`èxÁ~pbat(¾«k{}jb¤Å¥ik9irp0kB~!|!kBt|§w]:¥}]c|:bVÆ!~!bji¾ÏblkBprm:tbji,kB~!|
~¢pbat(¾Ïk{}jbji2pr]kBpk #~:nHª«ébyó`m!irp2]kj£bJ2x¨p2kB`ci2pu#`Pz:tu¤£bÉz;u{trp0kB :pÁqÈkBppr]!b©i0u{m:t}jb
}juH|:b¥ba£ba2kB~!|¸blk{ibÝuB¾z:tu{Jt0kB`P`P~:!suJirn&dlJJDda »irp0kB~!|!kBt|D ;"¨:¾Äu{tr`cbatrqsuJirn ! 
|:bVÆ!~!bji/tblkBª«pr`cbbVnDpba~!ir¥u{~!i/pusuJin»`*kB~:q&}ju{~!}jbatr~:~:­irJ~kB¥il~pbat(ª«z:tuH}jbjii}ju{`Èª
`m:~:¥}lkBpr¥u{~ê;`cba`cu{trq`*kBz:z;bj|Æ!¥bjil!`cba`cu{trq¸¥u¢}0é¢~:!;irqH~!}]:tu{~!u{m!i¹kB~!|­k{irqH~!}]:tu{~!u{m!i
xE<Jy2pr`cbatikB~!|Çi0}]!bj|Dm:~:Ëzu{¥}a¥bjilºë­uJirpPuB¾¹pu¢|!klq  i*tblkBª«pr`cbu{z;bat0kBpr~:XirqDirpba`ci
}ju{~D¾Ïu{tr`kBp¥blk{ipzkBtrpr¡kBqêpu½pr]:¥iÝip0kB~!|!kBt|&kBpr]!u{m:J]Ëp]k{i bjba~&}atrpr¥}a¥ibj|F ;"¾Ïu{t
~!u{pwzuJiibji0ir~:È¾ÄblkBprm:tbji5kBz:z:tu{z:tr¡kBpb/puPir`*kBba`/ bj|:|:bj|irqDirpba`cil
suJirndlJJDda iz;bj}aÆbjiÉi}]!bj|Dm:~:z;u{¥}a¥bji-G,¬j®V¯D°r±¤²/¶V¶a¬j®V¯D°r±¤²¦³´aµkB~!|
¬a®a¯D°r±l²ÈµJ×F¯D°a¶V
\^]!bji0bPz;u{¥}a¥bjikBz:z:q»u{~Xkoz:tu¢}jbjiirª« q¢ª«z:tu¢}jbjii/ k{ir¥iHGblk{}0]Ëz:tuH}jbjiitrm:~!iÝ§wpr]XkozkBt(ª
pr¥}am:¡kBt¹zu{¥}aq­kB~!|kJ£ba~»z:tr¥u{trp¨qJI©k{}]z:tuH}jbjii9~:]!batrpipi¹i}]!bj|Dm:~:½zkBt0kB`cbapbati
¾Ätu{`pi^¾«kBpr]!bat :m:p`*klq½kB¥i0uP}]kB~:bÝpr]!ba`kBpwtrm:~Dª«pr`cbJ
K ¬a®V¯:°r±l²©³!´jµ G,Æ:nDbj|½z:tbVª¨ba`Pz:pr£bz:tr¥u{trp¨q½§wpr]Æ:¾Äucu{t|:batr~:
kB`cu{~:i0kB`cbVª«z:tr¥u{trpÁq
z:tu¢}jbji0ibjil7xÁ~Àpr]!b­tbjirp
uB¾pr]!b­zkBzbatlp
§w¹ ;b»k{iirm:`cbj|Âpr]kBpkB¬a®V¯D°±l²©³!´aµ
p0k{iréDi*uB¾kB~ÂkBz:z:¥}lkBpr¥u{~Â]kj£b­|DL1batba~p
z:tr¥u{trpr¥bjilNMÂpr]Ìpr]:¥i
k{iirm:`Pz:pr¥u{~ kB~!|
§wpr]!u{m:pwz:tr¥u{trp¨q½}]kB~:b/|Dm:tr~:Ptrm:~Dª«pr`cbJ¬a®V¯:°r±l²©³!´jµÈ¥iwbj¼m:£JkB¥ba~p#pupr]!b¿n:bj|
stbVª¨ba`Pz:pr£bstr¥u{trp¨q
zu{¥}aq!¿2s,sÇ¾Ïu{tir]!u{trpl
K ¬a®V¯:°r±l²¶·¶CG9f#u{m:~!|Hª¨f#u{ :~zu{¥}aqXÃÄf5f ¾Äu{tir]!u{trp·Å5§w]:¥}0]ËkB¥ul§iz:tuH}jbjiibjiuB¾©pr]!b
i0kB`cbÉz:tr¥u{trp¨qpu9i]kBtb©pr]!b^}az:mê "9u{pb¦pr]kBp,k5z:tu¢}jbji0i§wD~!u{p2bap2pr]!b^}az:mm:~¢pr!kB
]:J]!bat¹z:tr¥u{trp¨q­tblk{|Dqª«puBª«trm:~z:tuH}jbjiibjikBtbÈbVnDbj}am:pbj|/\^]!b¼¢mkB~prm:`<£JkBm!b`*kjq
OPO =QSRST	R	U
!  ¹ÑÏ®µ{ÓÐB¬ /Ð{äB°a× â{¶VØ¸Ñ 0°
 ;b5kirqDirpba`Èª«§w¥|:b}ju{~!irp0kB~¢p9ÃÄbJ ! * "-, yó:ÅVz:tu¢}jbjii¦irz;bj}aÆ}ÃÄbJ !	#n M&u{tréHiÉyó:Å
u{twÆ:n:bj|o¾Äu{t#kÈJ£ba~¸z:tr¥u{trp¨q
¥ba£ba«
K ¬a®V¯:°r±l²ÈµJ×F¯D°V¶w¥ikB~Ý`Pz:¥ba`cba~p0kBpr¥u{~Dª¨|:bVÆ!~!bj|Èi}0]!bj|Dm:¥batlxÁpê}ju{m:¥|`*kBz/u{~¢pu¹¬a®a¯D°r±l²©³!´jµ
u{t9¬a®V¯D°±l²¶·¶a:u{tkB¥iu`Pz:¥ba`cba~p#k}a¡k{iir¥}lkB5~:n*pr`cbVª¨ir]kBtr~:Pzu{¥}aq\^]!b9ip0kB~Dª
|!kBt|o`cbatbaqc`*kB~!|!kBpbjiwpiÉz:tbjiba~!}jb¹kB~!|pi^|:uH}am:`cba~p0kBpr¥u{~ê=8Ébj}lkBm!i0b5§Éb¹}lkB~:~!u{p
tbaq¸u{~­pr]!bi0kB`cb/ ;ba]kl£¢¥u{m:tuB¾w¬j®V¯D°r±l²ÈµJ×F¯:°V¶m:~!|:batkB2suJirn­}ju{`Pz:¡kB~pÝu{zbat0kBp(ª
~:½irqHipba`cilp9¥i¹irprtu{~:Jq¸irm:Jbjipbj|~!u{p¹pum!ibp9¾,zu{trp0kB :p¨q­¥ikc`*kBprpbatuB¾
}ju{~!}jbatr~­kB~!|
§Éb§©u{~ p9}ju{~!ir¥|:batpw~¸u{m:t5kB~kBqDir¥il
Í9iiuH}a¡kBpbj|§wpr]»blk{}]»zu{¥}aq½¥ikPz:tr¥u{trp¨qt0kB~:bJ ¹bazba~!|D~:½u{~pr]!b`Pz:¥ba`cba~p0kBpr¥u{~ê
pr]!bji0b¹z:tr¥u{trp¨q
t0kB~:bjiw`*kjq½u{tw`*klq~!u{p#u¤£batr¡kBz :m:p`cuJirpw`Pz:¥ba`cba~¢p0kBpr¥u{~!i9kB¥u¤§ ul£bat(ª
¡kBz:z:~:! "9u{pb¦pr]kBp2pr]!bjib©z:tba£H¥u{m!irq/bVnDz:¡kB~!bj|i0}]!bj|Dm:~:`cbj}]kB~:¥i`ciir`P¡kBtrqkBz:z:q
puPsuJirn½pr]:tblk{|:i§wpr]¸pr]!bÈ¬·ÙB¬V×¨°aÞ ®µ{Ø×¨°aØ×ÄÑÄµJØ¬j®µ·Û:°5k{iirp0kB~!|!kBt|D¥i0bj|½ q½suJirn&dlJJDdj}
ip0kB~!|!kBt|  "¨
f5blkBª«pr`cb/i}0]!bj|Dm:~:
pr]!bju{trq½¥i# k{ibj|u{~¸pr]!b}ju{~!}jbaz:p9uB¾,tbj}am:trtba~¢p9p0k{iéHil^xÁ~¸pr]!b}ju{~Dª
pbVnDp#uB¾,f2\#yó;!§Éb/|:bVÆ!~!bkcp0k{iré½k{i5kPtbj}am:trtba~¢p¹k{}apr£Hp¨q½§w]:¥}0]¥i#bapr]!bat5zbat(¾Äu{tr`cbj| q
tbazbaprpr£baq&¡kBm:~!}0]:~:kz:tu¢}jbji0ioÃÄu{tÈk½pr]:tblk{|Åu{t/ ¢qËk½m:~:¥¼¢m!b*z:tuH}jbjiipr]kBp/trm:~!i~
}aqD}a¥bjil

  ñ  $ í  ò í   Fñ  ÊÍ i}0]!bj|Dm:¡kB :p¨qÎkB~kBqHir¥iÝ¾Äu{tsuJirnÌdlJJDda X}ju{`Pz:¡kB~pPirqDi(ª
pba`ci¤¦irm!}0]Ìk{iÈz:tu{z;uJibj|Î~  "ÝÃÄi0bjb½ibj}apr¥u{~Ì¸¾Äu{t*ktbj}lkBzÅVÉir`Pz:qXi·kjqDiÈ§w]!bapr]!batk
J£ba~ÎkB¥u¢}lkBpr¥u{~Xirprt0kBpbaJq»¾Ïu{tÝz;u{¥}a¥bjiÈkB~!|&z:tr¥u{trpr¥bji¥i¾Ïblk{ir :¥bu{t/~!u{pl
Í#~Yu{z:pr`*kB
kB¥uH}lkBpr¥u{~irprt0kBpbaJq!im!}]¸k{iwÍ5m!|:ir¥baq  ikBu{trpr]:`  ";¾Ïu{tw¿2s,s!]k{i^~!u{pwqbapw ;bjba~o¾Ïu{m:~!|
§w]!ba~Âf#fkB~!|º¿2s,s kBtb¸m!ibj|Ç~Ì}ju{~{v(m:~!}apr¥u{~ê xÁ~Î¾Ïk{}aplÉpr]!bz:tu{ :¥ba` |:u¢bji*~!u{pu{~:q
}ju{~!i¥irp/~Îibaprpr~:­pr]!b*z:tr¥u{trpr¥bjick{i~Ypr]!bo¿2s,sè}lk{ibJ2 :m:pPkB¥iu~Î}]!uHuJir~:!¾Ïu{tblk{}0]
p0k{ié;¢pr]!b9z;u{¥}aqÃÄbapr]!batwf5fÂu{t^¿2s,s©ÅÉkB~!|opr]!b#pr`cb¹¼¢mkB~prm:` m:~!|:batwf#f¿:m:trpr]!batr`cu{tbJ
§w]!ba~oiba£bat0kB!¾Ïblk{ir :¥b5iu{m:pr¥u{~!i©bVnD¥irpl¢irm!}]½kB~okBu{trpr]:` §©u{m:¥|~!u{p¦]!bazpu/}]!uHuJib#pr]!b
 bjirp#i0u{m:pr¥u{~¾Ïu{t5kÈzkBtrpr¥}am:¡kBtkBz:z:¥}lkBpr¥u{~§w]!ba~»k{|:|Dpr¥u{~kB}atrpbatr¡kc ;bjir¥|:bji¾Äblk{i :p¨q
kBtb¹p0kBéba~~pu*k{}j}ju{m:~¢pl
xÁ~pr]:¥izkBzbatl¤§Éb~£bjiprkBpbÉkÉ`cbapr]!uH|¹¾Ïu{tÆ:nH~:#i0}]!bj|Dm:~:#zu{¥}a¥bjikB~!|Ýz:tr¥u{trpr¥bjiRirm!}0]
k{i9pu
u{ :p0kB~ÌÃ(d¤Å9k*¾Äblk{ir :¥bÈiu{m:pr¥u{~ËkB~!|ÇÃÏÅ¹koiu{m:pr¥u{~»pr]kBpzbat(¾Äu{tr`ci9§©ba¦k{}j}ju{t|D~:
pui0u{`cbk{|:|Dpr¥u{~kB5}atrpbatr¡kD ¹bazba~!|D~:&u{~ºpr]!bkBz:z:¥}lkBpr¥u{~ê^pr]!b½u{ Dv(bj}apr£b¸}lkB~ê,¾Ïu{t
~!ip0kB~!}jbJ¢ b9pr]!b9`P~:`P¥ir~:PuB¾ba~!|Hª¨uB¾@ª¨bVn:bj}am:pr¥u{~Pv(prpbat¦¾Ïu{tkÝJ£ba~
p0k{iré*¾Rpi^§©u{tré]k{i
pu/ ;bz:tu¢|Dm!}jbj|
k{i,zbatr¥u¢|D¥}lkBq*k{i¦z;uJi0ir :¥b#u{tÉ}lkB~* bwpuÝ`*kMnD`P¥ibpr]!b¾Ftbji]:~!bjii¦u{t©pr]!b
}ju{~!i¥irpba~!}aqouB¾,kPibapuB¾2~:z:m:p#|!kBp0kÃÄi0bjbÝD D ÅV
 .BAB.( ..0 I; I #,1 B, . 4P,BW,+5.0)1 . B. BB(I <% '54 . ,BW<

B.?
D O  
 ¦ÑFØ;°:ÜHØ!ÑFØ*×F¯:°;®a¯D°r±{ÜHÓ ÑFØ½µ(´ÐB¬	l¬µ{Ø
wµB¬·ÑåçFçÒµ{Þ5ÛÓ ÑÏÐ{Ø×ÙB¬V×¨°VÞ¬  
    l ñ l# í ò  $@:  $   î   $ î    \^]!b#z;uJi0ir :p¨qcuB¾;Æ!~!|D~:Èkm!i0kB :¥b#iu{m:pr¥u{~u{~
suJirndlJJDda YirqDirpba`ci¹§wpr]pr]!bÈm!ibPuB¾wi}0]!bj|Dm:¡kB :p¨qËkB~kBqDir¥i/kB¥u{~!bÈ]k{iÝiu{`cbÈ`Ppi
pr]kBp#§©bÝ|D¥i}am!i0iw~½pr]!b¹¾Ïu{¥ul§w~:!
Í z:tu{ :¥ba`ba~!}ju{m:~¢pbatbj|
§wpr]
i0}]!bj|Dm:¡kB :p¨q½kB~kBqDir¥i©u{~
suJirndlJJDda iqHirpba`ci©¥i©pr]kBp
p¹¥i¹~!u{p/kB§^kjqDiÝblk{irq¸puÆ!~!|ba£ba~&u{~!b¾Ïblk{ir :¥bPiu{m:pr¥u{~ËkB~!|­pr]:¥i¥i¹zkBtrpr¥}am:¡kBtrq­prtrm!b
u{~
]!blkl£¢qo¥uk{|:bj|½irqDirpba`ciÉ§wpr]½prJ]pwpr`P~:c}ju{~!irprt0kB~¢pi#kB~!|
`*kB~qop0k{iréDil MÀpr]½irm!}0]
iqHirpba`ci¤Mk^JtblkBpê~¢m:`/ batuB¾Dm:~!irm!}j}jbjiir¾Fm:¢kBprpba`Pz:pi}lkB~Ý b~!bj}jbjii0kBtrq¹pu^Æ!~!|/u{~!b¾Ïblk{ir :¥b
i0u{m:pr¥u{~êy#¾É}ju{m:ti0bJu{~!bi0u{m:pr¥u{~¥i¹pu`Ppu{m:tiba£bjiÝpupr]!bm!ibÈuB¾Épr]!b¿2s,s"z;u{¥}aq
kB~!|*~pr]:¥iÉ}lk{ib#pr]!b5Í5m!|:ir¥baq*kBu{trpr]:`ba~kB :¥bji¦pr]!b9|:bjirJ~!batÉpu/|:bapbatr`P~!bkB~
u{z:pr`*kB
z:tr¥u{trpÁqÝk{iirJ~:`cba~p~/kB~/b *}a¥ba~p§ÉklqÕ9ul§Éba£batlMpr]:¥iiu{m:pr¥u{~Ý¥iê}a¥blkBtrq9m:~!i0kBpr¥i(¾«k{}apu{trq
 bj}lkBm!ib¹~!u{pm!i~:*f#f tbj|Dm!}jbji#pr]!bi}]!bj|Dm:¡kB :pÁqk{iw¥ii]!ul§w~~óHbj}apr¥u{~ DdJ
¿!m:trpr]!batr`cu{tbJ#k&i}0]!bj|Dm:¡kB :p¨qÀkB~kBqDir¥i¥i*uB¾`Ppbj|º]!bazÌ¾Äu{tcÆ!~!bprm:~:~:ÇkirqDirpba`
 bj}lkBm!ibuB¾2pi5~!bj}jbjii0kBtrq½zbjiir`P¥ipr¥}k{iirm:`Pz:pr¥u{~!i9u{~¸pr]!b§©u{tip(ª¨}lk{ibbVn:bj}am:pr¥u{~¸pr`cbji
ÃÏk{izu{~pbj| u{m:p~ d0/#"FÅkB~!|ÂkB¥i0uË bj}lkBm!ibpiotbjirm:pi½kBtb§©u{tirp(ª¨}lk{i0b­u{tr¥ba~¢pbj|7ÃFpr]!b
u{~:q}ju{~!i¥|:batbj|¸prt0kMvrbj}apu{trq¸uB¾,pr]!b/iqHirpba` ¥ipr]!b`cuJirp#zbjiir`P¥ipr¥}/u{~!b/ip0kBtrpr~:
kBp5pr]!b
6a}atrpr¥}lkB¹~!irp0kB~¢p6lÅV Ô9£ba~ kËibap
uB¾¾Ïblk{ir :¥b}ju{~DÆ!Jm:t0kBpr¥u{~!i¤#]!u¤§<i]!u{m:¥|À§Éb}0]!u¢uJi0b
pr]!b bjirp¹u{~!b/¾Ïu{tÝkczkBtrpr¥}am:¡kBtkBz:z:¥}lkBpr¥u{~
væm!irp9 q­}ju{~!ir¥|:batr~:i}0]!bj|Dm:¡kB :p¨q&kB~kBqHi¥i
tbjim:pi
xÁ~*u{m:t©u{z:~:¥u{~ê¢z:tu{ kB :¥irpr¥}5z:tu{z;batrpr¥bji©u{~*pr]!bw ba]kj£H¥u{m:t©uB¾pr]!b5irqHipba`7`*kjq
k{|:|¸m!ibV¾Äm:ê~D¾Äu{tr`*kBpr¥u{~§w]!ba~¸prm:~:~:½kB~kBz:z:¥}lkBpr¥u{~êwxÁ~pr]:¥i5iprm!|Dq!irm!}]~D¾Äu{tr`*kBpr¥u{~
¥i#u{ :p0kB~!bj|½pr]:tu{m:J]ir`m:¡kBpr¥u{~ê
 í  Fíð ñ  í 
		 ñ : 5m!bÈpu
pr]!bP}ju{` :~kBpu{tr¡kB©~kBprm:tb*uB¾©pr]!bÈz:tu{ :¥ba` uB¾
 bjirp^ibaprpr~:Pz:tr¥u{trpr¥bji#kB~!|½i}0]!bj|Dm:~:czu{¥}a¥bjiÉ¾Äu{tkibapwuB¾p0k{iréDiÃÄibjbDd9¾Äu{t^pr]!b¹bVn!k{}ap
}ju{`Pz:¥bVnDp¨qÂuB¾/pr]!b­z:tu{ :¥ba`Åou{~ kXsuJirn dlJJDda "}ju{`Pz:¡kB~¢pirqHipba`pr]!bm!ibuB¾ÈkB~
u{z:pr`P¥i·kBpr¥u{~Âpbj}0]:~:¥¼m!b»¥iotbj¼¢m:tbj|è\RuÇk{|:|Dtbjiiopr]:¥i
z:tu{ :¥ba`§Ébz:tu{zuJib~ pr]:¥i
iprm!|Dq
kcÔ¹Í  k{ibj|u{~¸kP]qH :tr¥||:bapbatr`P~:¥irpr¥}<BirpuH}]k{irpr¥}ÈkBz:z:tuk{}]+G
K i}]!bj|Dm:¡kB :pÁq
kB~kBqDir¥i©¥iÉm!ibj|c¾Ïu{t©|D¥ipr~:Jm:¥ir]:~:¹´j°rÐ{¬·Ñ«ÒVÓ°/kB~!|¸Ø;µ{Ø& ´l°rÐB¬VÑÏÒaÓ°Ýiu{mDª
pr¥u{~!il:m!ir~:½ã¦µJ¶0¬a× &æ®ÐB¬l°P°rå°r®jÜH×ÄÑÏµ{ØË×ÄÑFÞ*°·¬V
K pr]!bY¼¢mkBp¨q"uB¾*blk{}0] ¾Äblk{ir :¥bYiu{m:pr¥u{~ ¥iba£JkBmkBpbj| pr]:tu{m:J]7ir`m:¡kBpr¥u{~ m!i~:
¬V×«µl®a¯HÐB¬V×ÄÑÏ®&°rå°®aÜH×ÄÑÏµ{Ø ×ÄÑFÞ*°·¬Ppr]kBp}lkB~Â ;b¸|:batr£bj|º¾Ätu{` `cblk{im:tbji*p0kBéba~À¾Ftu{` k
z:tu{pu{p¨qHz;bÈu{t9¾Ätu{` kB~kBqDibji3 J;"¨\^]!bm!ibuB¾©ir`/m:¡kBpr¥u{~¥i9tbj¼¢m:tbj|­ ;bj}lkBm!ibÈuB¾
pr]!b~kBprm:tbÝuB¾2pr]!b¹Æ!pr~!bjii}atrpbatr¡k¸ÃÄibjb/D D ÅV
y5m:t¹kBz:z:tuk{}]&kB¥ul§i5pr]!b/|:bjiJ~!bat5pu*`Pz:tul£bpr]!b/¼¢mkBp¨quB¾,pr]!b/i0u{m:pr¥u{~¸§w]:¥irp5z:tbVª
i0batr£¢~:Ppr]!b¹¾Ïblk{ir :pÁqo§w]:¥}0]¥iwpr]!b k{i¥}¹tbj¼m:tba`cba~¢p#¾Ïu{twtblkBª«pr`cb/}ju{`Pz:m:pr~:!
OPO =QSRST	R	U
  ¹ÑÏ®µ{ÓÐB¬ /Ð{äB°a× â{¶VØ¸Ñ 0°
oí $FD í ò ðñ    \^~!|:bawbapckB«­z:tu{z;uJibj|Xpr]!bom!ibouB¾5ir`m:¡kBpbj|ÎkB~:~!blkB~:»¾Ïu{tPkB¥uBª
}lkBpr~:p0k{iréDiwpucz:tuH}jbjiiu{tiw~»kÈtblkBª«pr`cb/|D¥iprtr :m:pbj|­kBz:z:¥}lkBpr¥u{~­~!bap¨§Éu{trébj|§wpr]¸pr]!b
pu{éba~Çz:tu{puH}ju{^~  !  ;"¨ËxÁ~Îpr]:¥iPirprm!|Dqpr]!b
z:tu{ :¥ba`%k{|:|Dtbjiibj|Î¥i~!u{pPpr]!b
ibaprpr~:&uB¾
z:tr¥u{trpr¥bji9kB~!|½zu{¥}a¥bjiJGz:tr¥u{trpr¥bji¹kBtb/k{iirJ~!bj|m!ir~:Ppr]!bÝ|:blk{|D~!bÝ`cu{~!u{pu{~:¥}i}0]!ba`cb
§wpr]Y¿s¦s zu{¥}aqê :m:pÝpr]!bcz:tu{ :¥ba` ¥i§w]!batb*pu½¥u¢}lkBpbcpr]!bPp0k{iréDi~Ëirm!}0]Yko§Éklqpr]kBp
pr]!bPi0u{m:pr¥u{~`cbjbapi¹z:]qDir¥}lkB5ÃF`cba`cu{trqê}az:mm:pr¥i0kBpr¥u{~ÅÝkB~!|»pr`P~:}ju{~!irprt0kB~pioÃÄba~!|Hª
puBª¨ba~!|Ë|:ba¡kjqDi·ÅVP\^]!b*kB`uB¾^pr]!bPzkBz;bat§^k{iÝ~!u{ppu½p0k{}0é¢¥bcpr]!bÈz:tu{ :¥ba` uB¾Éprm:~:~:¸pr]!b
iqHirpba` k{}j}ju{t|D~:½pu½ko}]!uJiba~&}atrpbatr¥u{~ :m:p¹p¹z;u{~¢piÝu{m:p¹pr]kBp¹pr]!bm!i0buB¾wkB~u{z:pr`Pª
i·kBpr¥u{~opbj}0]:~:¥¼m!b}lkB~
 b9kB~½b(1bj}apr£bÝkBz:z:tuk{}]
¾Ïu{twiu{£¢~:Pi}0]!bj|Dm:~:Pz:tu{ :¥ba`ci^~
pr]!b
Æba¥|uB¾^tblkBª«pr`cb*}ju{`Pz:m:pr~:!oó¢`/m:¡kBpbj|YkB~:~!blkB~:¸§Ék{ikB¥i0u
m!ibj|»~ dl#"¾Ïu{t¹Æ!~!|D~:
¾Ïblk{ir :¥b9i}]!bj|Dm:¥bji§wpr]o`P~:`P¥i0bj|/v(prpbat^~pr]!b¹|D¥irprtr :m:pbj|½}lk{i0bJ\^]!b¹kBm:pr]!u{tik{i0irm:`cb
pr]kBp9pr]!bÈk{iirJ~:`cba~puB¾¦pr]!bp0k{iréDi#pupr]!bz:tu¢}jbji0iu{ti#¥i#Æ:n:bj|­kB~!|­pr]!baq¸}lkB¥}am:¡kBpb¾Ïblk{irª
 :¥b/~!u{~Dª«z:tbjba`Pz:pr£bÈi}]!bj|Dm:¥bji9uB¾p0k{iréHi5u{~¸pr]!b¥uH}lkB 2És 5i5m!ir~:*ir`m:¡kBpbj|­kB~:~!blkB~:
§wpr]tbakBt|¸puok{}j}jbjii5pu*ir]kBtbj|¸tbjiu{m:t}jbji5im!}]k{ipr]!b}ju{`P`/m:~:¥}lkBpr¥u{~»~!bap¨§Éu{tré;5\^]!b
u{z:pr`P¥i·kBpr¥u{~¥i9u{~:q k{ibj|»u{~»§©u{tirp(ª¨}lk{ibck{i0irm:`Pz:pr¥u{~!il¾Ïu{t9bVn!kB`Pz:¥bJRkB2~!irp0kB~!}jbjiuB¾
pr]!b¹p0k{iéHiw~!bjbj|pr]!bat§©u{tirp(ª¨}lk{i0bÝbVnDbj}am:pr¥u{~pr`cbpuÆ!~:¥ir]ê
xÁ~»pr]:¥iÝirprm!|Dq§ÉbP|:bj}a¥|:bj|pu
m!ibÈpr]!bÈpbj}0]:~:¥¼m!bcuB¾Ô¹Í9i¹ ;bj}lkBm!ibÈp]k{iÝkBtblk{|Dq» bjba~
bVnDpba~!ir£baqÝm!i0bj|Ý¾Ïu{ti0u{£¢~:i}0]!bj|Dm:~:z:tu{ :¥ba`ciirm!}]Pk{i2u{ Dªæó¢]!u{zdl:{ /D¢d :HdlD;!#"¨
pr]!b9\êt0kl£ba~:óDkB¥bjir`*kB~oz:tu{ :¥ba`  JDDJ;"¨¢~!irprtrm!}apr¥u{~½i}]!bj|Dm:~: :  ;"¨¢u{t^i}]!bj|Dm:~:
u{~½`m:prz:tu¢}jbji0iu{t5ba~¢£¢tu{~:`cba~¢pi   /D!DêdS! !Dd!:d  D !;"2kB~!|
]k{iz:tul£ba~puÈ ;b/irm!}Vª
}jbji0i(¾Fm:«*ÔÍ zbat(¾Äu{tr`*kB~!}jbji/]kj£bc bjba~&}ju{`PzkBtbj|&§wpr]Yu{pr]!bat/u{z:pr`P¥i0kBpr¥u{~Ëpbj}0]:~:¥¼m!bji
im!}]¸k{i\kB :m­óHblkBt}]+ !"Ru{t5ó¢`/m:¡kBpbj|­Í#~:~!blkB~:  ! !"kB~!|pr]!b¹tbjirm:piir]!u¤§"pr]kBp9Ô¹Í9i
kBtb¹~!ba£bat# k{|½u{~kj£bat0kBb¹¾Ïu{t#k¡kBtrb£JkBtr¥bap¨q
uB¾z:tu{ :¥ba`ci G¦Ô¹Í ¥iwi0kB¥|
puÈ ;bÝktu{ :m!ip
kBz:z:tuk{}0]  DdB"¨½¿!u{t/~!irp0kB~!}jbJz:tba£H¥u{m!iiprm!|D¥bji #! "¹ÃÄ¼m!u{pbj|Y~  ;"FÅ]kj£boir]!ul§w~Ypr]kBp
ÔÍ5iwkBtb5¾ÏkBt^¥bjii^iba~!ipr£b5puÈzkBt0kB`cbapbatw£JkBm!bji^pr]kB~¸ó¢`/m:¡kBpbj|Í5~:~!blkB~:P§w]!uJib¹zbat(ª
¾Ïu{tr`*kB~!}jbjiwkBtb9¡kBtrbaq|:bazba~!|!kB~pwu{~
pr]!bÆ!~!b9prm:~:~:PuB¾Rpr]!b5zkBt0kB`cbapbatil,¿:m:trpr]!batr`cu{tbJ
 bj}lkBm!ib9pr]!batb¹¥ikir~:J¥biu{m:pr¥u{~½pr]kBpw¥i^`cuH|DÆbj|½ul£batwpr`cbJó¢`m:¡kBpbj|¸Í5~:~!blkB~:P¥i
~bji0iba~!}jb/kÈibatr¡kBkBu{trpr]:`§w]:¥}]¸¥i#|D *}am:ppuPzkBt0kB¥balbJ
èñ     l  	 @ñ  5m!b*pupr]!b}ju{`Pz:¥bVnHpÁqËuB¾pr]!bcba~!bat0kBÉz:tu{ :¥ba`2pr]!bP¾Ïu{ª
¥u¤§w~:»tbjirprtr¥}apr¥u{~!ipu¸pr]!bz:tu{ :¥ba` uB¾wÆ:nH~:­z:tr¥u{trpr¥bjickB~!|Ëzu{¥}a¥bjiÈuB¾5k¸i0bapuB¾#zbatrª
uH|D¥}<Birzu{t0k{|D¥}p0k{iréDiwu{~¸suJirndlJJDda m:~:z:tu¢}jbji0iu{t#irqDirpba`cikBtbz:¡k{}jbj| G
dJ\k{iréDiw]kl£bÝ~!u9v(prpbat~½pr]!bat5kj£JkB¡kB :p¨q|!kBpbJ
D-2Éu{~pbVnDp5ir§wp}0]¡kBpba~!}a¥bji5kBtbÝ~!baJ¥bj}apbj|
D\k{iréDi|:uP~!u{pw]kl£b/}atrpr¥}lkBRi0bj}apr¥u{~!i#|Dm:tr~:c§w]:¥}0]¸pr]!baq
}lkB~:~!u{p ;b¹z:tbVª¨ba`Pz:pbj|
D O  
 ¦ÑFØ;°:ÜHØ!ÑFØ*×F¯:°;®a¯D°r±{ÜHÓ ÑFØ½µ(´ÐB¬	l¬µ{Ø
wµB¬·ÑåçFçÒµ{Þ5ÛÓ ÑÏÐ{Ø×ÙB¬V×¨°VÞ¬ 
! 5ó¢~!}jb­kËz:tr¥u{trp¨qÌ¥ba£ba5§wpr]!u{m:pkB~qÌp0k{iréÇ]k{i*~!uXb(1bj}apu{~Âpr]!bi}0]!bj|Dm:~:!§Éb
`Pz;uJi0b¹pr]kBppr]!bz:tr¥u{trp¨q
t0kB~:b/ ;b}ju{~¢prJm!u{m!il
 D\ê§Éucp0k{iréDiwu{ ;baqH~:*|DL1batba~p5z;u{¥}a¥bjiw`m!irp~!u{p#i]kBtb¹pr]!bÝi0kB`cb¹z:tr¥u{trp¨q
D\k{iréDi^i}]!bj|Dm:¥bj|k{}j}ju{t|D~:Ppupr]!b¬a®V¯:°r±l²©³!´jµÈz;u{¥}aq*`/m!irpkB ;b¹k{iirJ~!bj|o|DL1bat(ª
ba~p}ju{~prJm!u{m!iz:tr¥u{trpr¥bjikB~!|pr]!batz:tr¥u{trp¨q`m!irpÝ~!u{p}0]kB~:bkBpÝtrm:~Dª«pr`cbJoÍ9i
z:tba£¢¥u{m!iq­`cba~¢pr¥u{~!bj|§wpr]&pr]!bjib*k{iim:`Pz:pr¥u{~!iÝpr]!b
¬j®V¯D°r±l²©³!´jµ¸z;u{¥}aq­ ;bj}ju{`cbji
¿2s,s
H\k{iréDi#u{ baqH~:*pr]!bÈ¬j®V¯D°r±l²¶V¶czu{¥}aq½kBtb/~!u{p5kB¥ul§Ébj|­puc}]kB~:bpr]!bat#z:tr¥u{trpÁqkBp
trm:~Dª«pr`cbkB~!|
pr]!bÝ¼¢mkB~prm:` £{kBm!b¹¥i5kPirqDirpba`Èª«§w¥|:b}ju{~!irp0kB~pl
prpbat½~Âp0k{iéÀkj£JkB¡kB :p¨q |!kBpbjiËÃÏk{iirm:`Pz:pr¥u{~7d¤ÅokB~!| }ju{~pbVnDpir§wp}] ¡kBpba~!}a¥bjiYÃÏk{i(ª
im:`Pz:pr¥u{~ÎÅÝ}lkB~Ë bcp0kBéba~X~pu»k{}j}ju{m:~pÈ~Ëpr]!bi}]!bj|Dm:¡kB :pÁqÎkB~kBqDir¥i/|:ba£ba¥u{zbj|X~
 ;"^ qYbVnHpba~!|D~:­pÈk{i~  "¨ 2©trpr¥}lkBwibj}apr¥u{~!i
ÃÏk{iirm:`Pz:pr¥u{~ºÅÝ}lkB~Y ;b]kB~!|D¥bj|Y q
pr]!bÈi}0]!bj|Dm:¡kB :p¨q&kB~kBqDir¥i¹ :m:p¹pr]!baq¸]kj£bc~!u{p9 bjba~}ju{~!ir¥|:batbj|»~»pr]:¥i¹zkBz;bat¹¾Ïu{t9pr]!b
i·kBéb/uB¾©ir`Pz:¥}apÁq5Í9iirm:`Pz:pr¥u{~!i  *}lkB~ bÝzkBtrpr¡kBqtba¡kMnDbj| q¸}ju{~!i¥|:batr~:½kcz:tu¢}jbji0i
iz;bj}aÆ}Épr`cb¼¢mkB~prm:`7 :m:p bj}lkBm!ib^£batrq¾Äba§ÇsuJirndlJJDda }ju{`Pz:¡kB~p^yóHi,z;uJii0bjiipr]:¥i
¾ÏblkBprm:tbJ:§Éb§wêtbjirprt0kB~¸u{m:ti0ba£bjiwpuPpr]!bÝirqDirpba`Èª«§w¥|:b¼¢mkB~prm:`}lk{ibJ
P    ¤D @ñÎñ  í 	
	 í   \^]!b9zkBzbat©¥i^u{trkB~:¥ibj|k{i©¾Ïu{¥ul§i G2~
ibj}apr¥u{~DHpr]!b
z:tr~!}az:¥bjiuB¾wpr]!b*i}0]!bj|Dm:¡kB :p¨qÎkB~kBqHir¥iuB¾suJirndlJJDda ÎirqHipba`cikBtbPtbj}lkBz:prm:¡kBpbj|
i0bj}apr¥u{~­P¥i9|:ba£u{pbj|pucpr]!b/|:bji0}atrz:pr¥u{~­uB¾,pr]!bÈÔ¹Íx¨~ibj}apr¥u{~.! pr]!b/zbat(¾Ïu{tr`*kB~!}jbji5uB¾
pr]!b9z:tu{zuJibj|
kBu{trpr]:`kBtb¹k{i0ibjiibj|2¿~kBqD~oi0bj}apr¥u{~  DH§Éb5§wir]!u¤§ pr]kBpÉpr]!b¹f5f
zu{¥}aq
}lkB~ ;b¹m!i0bV¾Fm:~½tblkBª«pr`cbkBz:z:¥}lkBpr¥u{~!il
  ¹	w1Èr¢8 èr8 è$&('*),++-Ý.·)21 8¹!,4<
 w6
óH}0]!bj|Dm:~:ck{}j}ju{t|D~:pusuJirn*}lkB~ ;b#|:bji}atr ;bj|
k{i©k/irm:zbatrz;uJirpr¥u{~ouB¾¡kjqbatiÉuB¾êz:tr¥u{trª
pr¥bji' "¨  bap¦pr]!bwibapuB¾;tbj}am:trtba~¢p,p0k{iréDi	
B@B@B@ b^zkBtrprpr¥u{~!bj|P~puÝi0bazkBt0kBpb
¡klqbati
 !"$# &%('*) !"+§w]!batb-, ) !"$# &% !" ) !&#\k{iréDi9kBtbi}]!bj|Dm:¥bj|
k{}j}ju{t|D~:Èpupr]!b5J¥u{ kB;trm:¥b G,kB~o~!irp0kB~!}jb&/. 0uB¾2kÝp0k{iré1¹~
k/¡kjqbat23¥i^bVn:bj}am:pbj|½k{i
i0u¢u{~PkB~!|k{i¥u{~:Ýk{i~!u5~!ip0kB~!}jb©~pr]!bÃF]:J]!bat2z:tr¥u{trp¨q!Åê¡klqbati4  B@B@B@5$#  ¥izba~!|D~:!
xÁ~!ir¥|:bblk{}0]¡kjqbatlp0k{iréHikBtb/i}]!bj|Dm:¥bj|bapr]!bat5k{}j}ju{t|D~:*puP¿2s,sÂu{tf#f
\^]!b¿s¦sÇz;u{¥}aqo¥i^tblkBlbj|½¾kB~½~!irp0kB~!}jb/. 076*3êuB¾p0k{iré8Ý¥iwbVn:bj}am:pbj|¸k{iwiuHu{~
k{iwkB~!|
k{iÉ¥u{~:Pk{iÉ~!u~!irp0kB~!}jb¹uB¾ÉÃF]:J]!bat^z:tr¥u{trp¨q!Å©p0k{iréDi9:;!"$# <%>=7%?' ~opr]!b¹i0kB`cb
OPO =QSRST	R	U
/  ¹ÑÏ®µ{ÓÐB¬ /Ð{äB°a× â{¶VØ¸Ñ 0°
¡klqbat 35ÃÏkB~!|]:J]!batÝz:tr¥u{trpÁq¡kjqbati·Å¹¥iz;ba~!|D~:!#~!|:batf#f/k
p0k{iébapitbazblkBpbj|Dq
pr]!b¹u{z:zu{trprm:~:p¨qopuPbVnDbj}am:pb¹|Dm:tr~:*kpr`cbir¥u{p^uB¾`*kMnD`*kB¥ba~:Jpr]&x¨¾Rpr]!b9p0k{iré]k{i
~!u*z;ba~!|D~:o~!irp0kB~!}jbu{t5¥bjii#z;ba~!|D~:o§©u{tré½pr]kB~­pr]!b/i¥u{p#¥i5¥u{~:!pr]!ba~pr]!b/tbjirp9uB¾pr]!b
i¥u{p¥i¥uJirp/kB~!|pr]!bPp0k{ié]k{ipukl§ÉkBppr]!bP~!bVnHpÝ}aqD}a¥bPpu
tbjirm:`cbJ*\^]!bPpr`cbP bap¨§©bjba~
pÁ§©u}ju{~!ibj}am:pr£b¸ir¥u{piÈ`*kjqX£{kBtrq©|:baz;ba~!|D~:&u{~Îpr]!bk{}aprmkB|:ba`*kB~!|:icuB¾¹u{pr]!batPp0k{iréDil
 :m:pPp*¥iÈ ;u{m:~!|:bj|Ç ¢q  	
&ÎÃFz:m!iPzuJiir :qËpr]!bz:tbjba`Pz:pr¥u{~º¾Ätu{` ]:J]!bat
z:tr¥u{trpÁq»¡kjqbati·Å~YkB~q­~pbatr£JkB¦§w]!batbPpr]!b*}ju{~!ir¥|:batbj|&p0k{iré­]k{izba~!|D~:¸~!irp0kB~!}jbjikBp
kB~¢q&`cu{`cba~plËx«¾#u{~Îiu{`cboirm: :~pbatr£JkB^~!u~!ip0kB~!}jbouB¾pr]!bop0k{iré¥izba~!|D~:!pr]!bpr`cb
 bap¨§Ébjba~
p¨§©uÈm!i0bj|ir¥u{piÉ}lkB~½ba£ba~prmkBq ;b5¥u{~:bat^ ;bj}lkBm!ib5pr]!b5p0k{iré*}ju{m:¥|~!u{pÉm!i0b5blk{}0]
uB¾©pi9i¥u{pilx«¾©pr]!b|:ba`*kB~!|uB¾Éu{pr]!batp0k{iréHi5¥i¹¥ul§Ébatlpr]:¥i¹pr`cbÈ}lkB~» ;bir]!u{trpbatu{tba£ba~
lbatu:
x¨~ #"¨tbjirzu{~!ib^pr`cb u{m:~!|:i2¾Ïu{t,¡kjqbatbj|*z:tr¥u{trpr¥bji¦]kl£b bjba~*|:batr£bj|c~kba~!bat0kB
§^kjq¢~!|:baz;ba~!|:ba~¢prqPuB¾k¹irzbj}aÆ}wpÁq¢zbwuB¾;p0k{ié;\^]!bjib^ u{m:~!|:i©kBtb^ k{ibj|cu{~Ppr]!b#}ju{~!}jbaz:p
uB¾`*kMv(u{trj~:*§©u{trékBtrtr£{kB¾Äm:~!}apr¥u{~!il:§w]:¥}0]`cblk{irm:tbpr]!b¹z:tuH}jbjiiu{t|:ba`*kB~!|:¾Äu{tblk{}0]
p0k{ié;êu¤£batkB~~¢pbatr£{kBÉirp0kBtrpr~:§wpr]Yk?6Vba~!bat0kBlbj|X}atrpr¥}lkB,~!irp0kB~¢p6{HMÂpr]. 0­kB~!| /. 0P ;ba~:Èpr]!b¹bVn:bj}am:pr¥u{~¸kB~!|tba¥blk{i0b¹pr`cb9uB¾pr]!b/~!irp0kB~!}jbuB¾pr]!b9p0k{iré7/kM¾Äpbat^pr]!b
}atrpr¥}lkBR~!irp0kB~plpr]!b¹`*kMv(u{trj~:§©u{trékBtrtr£{kBê¾Fm:~!}apr¥u{~¥i   "! 0 . 0$# , %'& ( *) +-, /. @
x¨¾<
¥iÈk¸irzu{t0k{|D¥}p0k{iré§wpr]Î`*kMnH`*kB^bVnDbj}am:pr¥u{~Îpr`cb10 ¸kB~!|Y`P~:`*kBÉ~¢pbat0kBtrtr£{kB
pr`cb32 ¢:pr]!ba~4/. 0 50 ÈkB~!|  /. 0 61#'2 
Ã*67 , B@B@B@lÅwkB~!|
 8*  ! 0 0 9#;, %'& 0-: ; <, /. 50 =#?> 2 A@ @
\^]!bÝtbjirz;u{~!i0b¹pr`cb ;u{m!|:i#}lkB~½ ;bÝbVnDz:tbjiibj|k{iBDCE0 , 0 ÿ GF/. 0$H  /. 05 Ã(d¤Å
§w]!batb N  BDIKJ 
L  F. M )  /. MON  H§wpr]  /. 0P ba~:pr]!bP/tba¥blk{i0b5pr`cb¹uB¾ÝkM¾ÄpbatÉpr]!b
}atrpr¥}lkBR~!irp0kB~pl©x«¾ /¥iw~¸kB~¿s¦sº¡kjqbatl!pr]!ba~F/. 0  BDIJ 
RQS7  8T /#  *VUWT 0  5  ÃÏÅ
§w]!batbXT /#  *   # MOY[Z  M *¥iopr]!b­|:ba`*kB~!|Â¾Ätu{` ]:J]!bat½z:tr¥u{trp¨qÂp0k{iréDi
kB~!|\T 0   0MOY[Z /. M¦pr]!bP|:ba`*kB~!|»¾Ätu{`<z:tba£¢¥u{m!iÝ~!irp0kB~!}jbji/kB~!|»pr]!bP}am:trtba~p/~!irp0kB~!}jbJx¨¾ c¥i~
kB~f5f ¡kjqbatlpr]!ba~ F/. 0  BDIJ 
RQS7  ]  *VU"T 0  5  ÃÏÅ
D O  
 ¦ÑFØ;°:ÜHØ!ÑFØ*×F¯:°;®a¯D°r±{ÜHÓ ÑFØ½µ(´ÐB¬	l¬µ{Ø
wµB¬·ÑåçFçÒµ{Þ5ÛÓ ÑÏÐ{Ø×ÙB¬V×¨°VÞ¬ 
§w]!batb
]   [  BDIJ  > T 0 & @ #  RUWT    [5  N    Ã !¢Å
§wpr] ]  6]  H4]Ý ba~:Èpr]!b¹irm:`uB¾pr]!b¹¼mkB~¢prm:`ciuB¾kBu{pr]!batwp0k{iréDi^uB¾pr]!b¹f#f ¡klqbat
kB~!|
 N  [  B CE	
 Z   [VU    DU [VU  DU  H  Ã  Å
§w]!batb   RU [    
  . Y 	  M 9U [V\^]!b5kBu{trpr]:`ci,¾Ïu{t¦}ju{`Pz:m:pr~:pr]!bwtbjirzu{~!ib
pr`cbÝ ;u{m:~!|:i}lkB~¸ ;b9¾Ïu{m:~!|
~D ;"¨
- ¹<6 (  	6o ;! 
MÂ]!ba~Ëibaprpr~:z:tr¥u{trpr¥bjikB~!|Ëz;u{¥}a¥bji¤Rpr]!batb*¥ik}ju{~!iprt0kB~ppr]kBp/`/m!ip/ bPp0kBéba~Ë~¢pu
k{}j}ju{m:~¢p G©pr]!batb/`*kjq¸bVnD¥irp5p0k{iréHi¾Äu{t5§w]:¥}]»pr]!bÝz:tr¥u{trpÁqkB~!|<Bu{t¹pr]!b/i}0]!bj|Dm:~:
z;u{¥}aq
kBtbkz:tr¥u{tr`Pz;uJi0bj|Çx¨~ºb(1bj}apl¦~Ìpr]!b½|:ba£ba¥u{z:`cba~poz:tu¢}jbjii*uB¾k­tblkB5kBz:z:¥}lkBpr¥u{~ê
u{~!bÈ§wébaq­ b§Éu{tré¢~:¸§wpr] :t0kBtr¥bji¾Ätu{`pr]:t|Hª«zkBtrpÁq&irm:z:z:¥batiÝu{t¹¾Ätu{`<pr]!b*yó
£ba~!|:u{t¹¾Ïu{t9¾Fm:~!}apr¥u{~!i¹éb~!bapÁ§©u{tré}ju{`P`/m:~:¥}lkBpr¥u{~êtbjiu{m:t}jbÈ`*kB~kBba`cba~pu{tJt0kBz:]:¥}
|D¥iz:¡kjqËó¢m!}]Î¾Äm:~!}apr¥u{~!il,im!}]ºk{iébatr~!ba^xE<Jy |Dtr£batil`*klqËiu{`cbapr`cbjiÈtbj¼¢m:tbpu­ b
trm:~­kBp9kÈzkBtrpr¥}am:¡kBt5z:tr¥u{trp¨qm!irmkBq½pr]!b]:J]!bjirpl;kB~!|<Bu{t#§wpr]­kPJ£ba~¸zu{¥}aq!m!irmkBq
¬j®V¯D°r±¤²¦³´aµJ:¾Äu{t}ju{trtbj}aprq
zbat(¾Äu{tr`P~:c§Éu{tré½u{~§w]:¥}]pr]!bÝkBz:z:¥}lkBpr¥u{~¸tba¥bjil
½í   Fñ  !#"%$&!#"('*),+.-0/12$&34"%56)7+.343%$58+'%"%$&-:9&'%!;+'<#=>)'%?@+'A!B<C92<D5E'F9'%?0<G+G!#"%$&!#"H5D$&-I9&'%!;+."4-@'F9$&-'+J9LK9M!#"%$&!#"('%"%<C9N+.-0/O2$&34"%5L"%<C9DPQ"R9S+ zuJiir :¥biu{m:pr¥u{~UT
½í   Fñ ,V z;uJi0ir :¥b½iu{m:pr¥u{~XW ?Y"%5?:?@+J9Z9&[5D5D<C9L9L\[>343)]^+J9L9B<D/_'%?0<`9B5?0<D/Q[>3a+cbJ"434"('*)d+.-@+.3)I9#"R9BPe+.-0/'%?[9N<L-I9&[>!B<C9f'%?0<A+BY34"%58+'%"%$&-hg 9O'%"4ij"4-c=k5D$&-I9&'%!;+."4-@'F9O'$GbY<ei<E'P@"R9S+ ¾Äblk{i :¥bÝiu{m:pr¥u{~UT
l2mn oGpUqsrht(uIv2w(x&yp^z{x}|~urh}p^htuQq
x¨¾iba£bat0kBDp0k{iréDikBtbwk{iiJ~!bj|/pu9pr]!bÉi0kB`cbÉz:tr¥u{trp¨q/¥ba£ba«{pr]!ba~o¬j®V¯D°r±l²¶V¶5`m!irp2 ;bÉ}]!uJi0ba~ê
k{}j}ju{t|D~:pu*u{m:t§Éu{tré¢~:
k{iirm:`Pz:pr¥u{~!i  ckB~!| Dwy5~pr]!bu{pr]!bat]kB~!|¬j®V¯D°r±l²¶V¶P¾Ïu{t5k
¥ba£baR§wpr]km:~:¥¼m!bÝp0k{iré¥i#irprtr¥}aprqobj¼¢m:£JkB¥ba~ppu
¬j®V¯D°r±¤²¦³´aµJ
Í9iirJ~:~:$¸p0k{iréDi©puÝz:tr¥u{trp¨q¥ba£ba¨ÃÄi·Å,¥i¦éb9irm: |D£¢¥|D~:Èk/ibapÉuB¾Vba¥ba`cba~¢pi^~pu~!u{~Dª
ba`Pz:pÁqcirm: !ibapiltbj}lkB;k{iim:`Pz:pr¥u{~A! ,ó¢m:z:z;uJi0bpr]!bzkBtrprpr¥u{~:~:¥blk{|:i,pu ' irm: !ibapi¤¿u{t
OPO =QSRST	R	U
dl  ¹ÑÏ®µ{ÓÐB¬ /Ð{äB°a× â{¶VØ¸Ñ 0°
' im: !ibapi^pr]!b¹~m:` ;bat9uB¾zuJiir :pr¥bjiw¥iw ¢qo|:bVÆ!~:pr¥u{~bj¼mkBpuÈpr]!bó¢prtr~:*~m:`/ bat#uB¾
pr]!bi0bj}ju{~!|½é¢~!|YÃÄibjb d("¨:zkBbJ/J#!¢Å
,
' 
! MY[Z  H , /#AMM	 L 0 @
\^]!batbÈkBtb '  |DL1batba~p9z;uJii :¥bÝz:tr¥u{trp¨qu{t|:batr~:i9uB¾,pr]!b ' im: !ibapi#uB¾,p0k{iréDilw¿:m:trpr]!bat(ª
`cu{tbJ  p0k{iréDiP}lkB~Ç ;b
irm: |D£¢¥|:bj|Î~¢pu ' , 
 B@B@B@  `*kB~qÇirm: !i0bapilY\^]¢m!il©pr]!batb
kBtb
0!
<Y 
! MY[Z  H, /#AM  M  L 0
|DL1batba~p¦z;uJii :pr¥bji,uB¾k{i0irJ~:~:Ýp0k{iréDi2puz:tr¥u{trp¨qÈ¥ba£ba¨ÃÄi·ÅVpr]!bwzu{¥}a¥bji ;ba~:/~!|Dm!}jbj|
 ¢qpr]!bÝ~m:`/ bat5uB¾2p0k{iréDiÉ¾Äu{t5blk{}]¥ba£ba«
Í9i^}lkB~
 ;b9ibjba~
~½¿Jm:tbÈdJHpr]!birlb9uB¾pr]!b¹iu{m:pr¥u{~½irzk{}jb9~!}atblk{ibjiÉ¾«k{irpbat^pr]kB~½bVnHzuBª
~!ba~¢pr¡kBq :m:p©ir¥ul§Ébat¦pr]kB~D 0 2¿!u{t¦~!irp0kB~!}jbJJ¾Ïu{t?*	,<7:¢kB~bVnH]kBm!irpr£b#iblkBt}]pr]:tu{m:J]
pr]!bÈba~¢prtbPiu{m:pr¥u{~irzk{}jb§©u{m:¥|»tbj¼¢m:tbÈ`cu{tbpr]kB~»pr]:tbjbÈqblkBtiÝkB~!|­p¨§Éu
`cu{~pr]!ilk{i(ª
im:`P~: ,  uB¾}ju{`Pz:m:p0kBpr¥u{~¸pr`cbÝz;batwzuJiir :pÁq

	
	
	
		
      	    !#"%$'& ()*,+.-/10/32 54
687:9 )*,+<;%3=%(<) &%>  $
? ?
? ?
? ?
? ?
? ?
? 0
U U U
U U
U U
U U
UUF  A@ B N 08
C C C
C C C
C C C
C
C
¿Jm:tbcd G 2Éu{`Pz:¥bVnDp¨quB¾2pr]!b¹z:tu{ :¥ba` ¾Ïu{t#k~m:`/ bat5uB¾2p0k{iréDiw£JkBtrq¢~:È¾Ätu{`  pu  JD
D O  
 ¦ÑFØ;°:ÜHØ!ÑFØ*×F¯:°;®a¯D°r±{ÜHÓ ÑFØ½µ(´ÐB¬	l¬µ{Ø
wµB¬·ÑåçFçÒµ{Þ5ÛÓ ÑÏÐ{Ø×ÙB¬V×¨°VÞ¬ dJd
l2m  ` wYw(r t(up^zfx|~u t	^p^ w(x|hq
9irmkBqk9}ju{`Pz:m:pr~:Ýz:tuBvrbj}apirp0kBtrpi2§wpr]ckB~P~D¾Äu{tr`*kB:|:bji}atrz:pr¥u{~cuB¾;pr]!b©¾Fm:~!}apr¥u{~kBpr¥bji
kB~!|¸tbj¼m:tba`cba~¢pilxÁ~kPtblkBª«pr`cbirqDirpba`!pr]!bÝ¾ÄuH}am!i¥i5ibap5u{~pr]!bÝpr`P~:o}ju{~!irprt0kB~pil
¿u{tÉ~!ip0kB~!}jbJ¢~
pr]!b¹}]!ba`P¥}lkBz:tuH}jbjii^|:bji}atr bj|o~½óHbj}apr¥u{~  D DDu{~!b¹uB¾Rpr]!b9}ju{~!irprt0kB~pi
¥iÝpr]kBpÇÖÁ×F¯D°×¨°VÞ5Û:°V¶rÐJ×ÄÜH¶r°µ(´c×F¯D°cäB°·¬0¬l°VÓ¦ÞÈÜ¢¬V×¹Ò°*ÜlÛD±ÐJ×¨°r±&°VäB°a¶·Ù&çBàÞ¬Öæó¢p0kBtrpr~:¾Ätu{`
im!}]­~D¾Äu{tr`*kBtbj¼m:tba`cba~¢pilu{~!b§w|:batr£bÈkcibap¹uB¾,p0k{iréDi#§wpr]­J£ba~»}]kBt0k{}apbatr¥irpr¥}ji
kB~!|pr`P~:*}ju{~!irprt0kB~pi#pr]kBp5k{}aprmkBq
z;bat(¾Ïu{tr`ciwpr]!b§Éu{tré
~!bjbj|:bj|½ q
pr]!b/kBz:z:¥}lkBpr¥u{~ê
No 
Task Set with 
Deadline constraints
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of solutions successful ?
Yes 
redesign of the application
(e.g. program slicing) and/or 
code optimization
- Application’s functional
and temporal requirements
- Criterion for system tuning
- Offsprings creation using cross-over operator (see Fig. 2)
- Mutation of some existing solutions (see Fig. 3)
- Delete weakest solutions if the population has reached 
its maximum size
Chosen number of "generations" reached ?
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The best individual according 
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Population of Solutions
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Apply cross-over operator
that ensures that the offspring
is a "possible" solution
Reject 
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Add Offspring 
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schedulability analysis 
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fitness criteria 
needs simulation ?
perform simulation
Yes 
No 
 
 Duplicate Solution ?
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Population of Solutions
choose randomly 1 individual 
Apply mutation operator
that ensures that the mutant
is a "possible" solution
No 
schedulability analysis 
successfully passed  ?
Delete 
Mutant from
the population
Yes 
fitness criteria 
needs simulation ?
perform simulation
Yes 
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update mutant 
characteristics 
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Mutant from
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task B
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task A meets its deadline
task B meets its deadline
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RR Scheduling 1
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second instance of task A
task A
task B
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task A meets its deadline
task B meets its deadline
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RR Scheduling 2
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second instance of task A
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FPP Scheduling 2
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FPP Scheduling 1
(A>B)
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temperature control
Chemical Reaction
task B
pressure control
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system 
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Computer 
task C
Chemical injection
control 
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+,>? X × X ×=×&× X ×&×=× Y&× ÒÒ
+@.BZ X Õ X ×=×&× X ×&×=×
+@.B[ \ \ ×&× \ ×=×
+ .^] X Y \ ×&× _=×=×
+ .B` a b ×&× b ×=×
+ .BA X × a ×&× Ö a × Y&× ÒÒ
+@.Oc X × a ×&× a ×=×
+@.Bd X a Õ=×&× Õ&×=×
+@.B> a Õ=×&× Õ&×=×
+@.. _ Y a × Y a ×
+@.B? Ö YVY a YFY a
+,Z X a Y&×&× Ys×=×
+,[ a X Ö a Õ a ×
+e] b X a × a ×=×
+,` b X a × X a × Õ
+,A \ X Ys× X Y&×
+fc g X ×&× X ×=×
+ d a Ö a X Y&×
+ > b b × b × Y hjiki
+ . Ö a × a × X hjiki
l Dfm Y&×on CBDpEHGqLSMOPFr@UQsutwvxNQCOyzCOySsD6LSMONQPpMON
{ P Ó E|CHMBDFN Ó COEuR
U}Du~,sM CBDpEHG LSMONQPSR  U}Dp)N1C~ S TH  
Ò PF Ó
Ò PFr@N Ó
+,>? Xu\ _V_F_ aFaFb X R × \ a R Ö+@.BA Xu\ _V_F_ Õ&× b Y R × \ _ R Ö
hjiki
+@.Bd X Ö Y g Ö Õ a R × \ Y R Ö+ .BZ X b Y \ Y Ö X\ X R Õ Ö=Ö R Ö+@.^] X a Y b g X Õ X X R a Ö b R _+,Z X _ X\Fg XVX Ö R a Öp_ R g+,d X Õ X Ys× × b R Ö b Ö R _+fc X Y gFg X g R × b × R Ö+,A XFX g × Õ=× b R Ö a X R Ö+@.Oc X × \ Y _ X\ Y R × _ a R X+ .B` g ÖFY a Y \ × R \ _Õ R X+@.B> \ b Ö YsÕ=Õ X R Ö _,Y R Y+e] Ö _ g _ a X _ R × _× R b+@.B? b _=Õ Xu\ Y Õ R X Õ b R b+ .. a Õ b Y X _ X R b Õ=Õ R a
Ò PF Ó
Ò PFr@N Ó
+,[ _ Õ&× ÕVY&× Y R g Õ X R g+@.B[ _ ÕVY Ö b \ X R × Y g R ×
hjiki
+,` Õ Xug X Õ X _ R × Y \ R ×+ > Y X Õ _bÖ X × R × Yp_ R ×+@. X Ö _Õ X _ R × X _ R ×
l rTmsuE|CE { ySs  SU}sxvxN1COy5SC Ó suEHEks,DpU@COP X _V_ R bFb PV Ó@
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CBDFEHG I J K L)MONQPSR LTPVUWR
+,d? a × a ×=×&× a ×&×=×
+,>Z _× Y a ×&× Y a ×=×
+,>[ X a Y&×=×&× Y&×&×=×
+,>o] b × X a ×&× X ×&×=×
+,>` Xg X a ×&× X a ×=×
+,>A X × X a ×&× X ×&×=×
+,>uc X × X Y&×&× X Ys×=×
+ >d X Y X Y&×&× X Ys×=×
+ >> X a XVX ×&× aFa ×
+ >V. X × X ×=×&× X ×&×=× Õ=× ÒÒ
+,>? X Õ X ×=×&× X Ys×=× Õ=× ÒÒ
+@.BZ X _ X ×=×&× X ×&×=×
+@.B[ _× X ×=×&× a ×=×
+@.^] X b X ×=×&× b ×=×
+@.B` XVX Ö a × _=×=×
+@.BA \ Ö a × \ ×=×
+@.Oc X Y Ö a × X a × hjiki
+@.Bd X _ Ö a × Ys×=× hjiki
+@.B> X a a ×&× a ×=×
+@.. a a ×&× a ×=×
+@.B? X × a ×&× a ×=×
+ Z X a Õ=×&× Õ&×=×
+ [ a Õ=×&× Õ&×=×
+ ] _ Y a × Y a ×
+,` Ö Y a × Y a ×
+,A X a Y&×&× Ys×=×
+fc a Y&×&× X Ö a
+,d b X a × X a × Õ hjiki
+,> a a × a × Y hjiki
+@. Ö a × a × X hjiki
l Dfm Õ=×on CBDpEHGqLSMOPFr@UQsutwvxNQCOyzCOySsD6LSMONQPpMON
{ P Ó E|CHMBDFN Ó COEuR
U}Du~,sM CBDpEHG LSMONQPSR  U}Dp)N1C~    H  
Ò PF Ó
Ò PFr@N Ó
+,>V. Y b g Ö&Ö Y&Õ X R × \ Y R \+,>? Y b gV\ × YFY&× X R Õ \)X R \
hjiki
+,>o] Y a g _ a aVa _ R × \ × R a+,d? Õp_ ÖVY g _,Y&Ö X X R × Ö b R a+ >Z YsÕ a g Ö Xg ×=Õ X R b Ö a R a+@.B[ YFY _ g Y \ _ R × Ö&Õ R g+,>` Y X _Õp_ X × bVb X R Õ b g R g+,>[ Ys× Õ \ Õ X b X Ö × R \ b \ R Ö+ .BZ Xug Õ b \ b ÕfY X R _ b Ö R g+,>A Xu\ ÕF_fY bVa \ × R Ö bVb R a+,Z X Ö Y g _ b a R × bfa R g+@.^] X b Y=Ö g ÕVY X X R b b × R g+ .B> X a Yp_=× Y b × Õ R × a g R Õ+,A X _ Xg Õ Ö Ö R a aFb R Õ+@.Bd X Õ X Ö \ YVY X R g _ \ R \+@.Oc X Y X _ b _ X R b _ b R g+@.B` XFX X Õp_ Y bVb X R a _ a R Õ+@.B? X × X YsÕ Õ=Ö=Ö Y R × _Õ R \+,>d g XVX Õ X × \ Ö X R × _ X R \+ .BA \ \Fg Ö XVX X R X _× R \
Ò PF Ó
Ò PFr@N Ó
+@.. Ö ÖFY _fY \ X R × Õ g R \+,>> Ö \eX _ b g X R _ Õ \ R \
Ò PF Ó
Ò PFr@N Ó
+,` b _Ö Ys×=Õ Y R \ ÕÖ R _+ >uc b _ g XVX a X × R \ ÕF_ R b
hjiki +,[ a ÕVY Y b \ X R Ö Õ=Õ R \
Ò PF Ó
Ò PFr@N Ó
+e] _ Y b YFYp_ X R b ÕfY R X+fc _ Y&Ö X _ \ Y R a Õ=× R a
hjiki
+ d Õ Xu\ X ÕfY _ R × Y \ R ×+,> Y X Y Õ \ X × R × Yp_ R ×+@. X Ö _Õ X _ R × X _ R ×
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